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Introduction

D3T (3H-1,2-dithiole-3-thione) and its derivatives have attracted
considerable attention for several years because of their significant
biological activities. For, instance; D3T is known to enhance the
detoxification of environmental carcinogens and elicit other protec-
tive effects by inducing phase 2 and antioxidative enzymes [1]. A
number of derivatives of 1,2-dithiole-3-thione have been shown in
induce phase Il enzymes, and one compound of this type, Olipraz
(4-methyl-5-pyrazinyl-3H-1,2-dithiole-3-thione) has been extensive-
ly studied [2-6]. Olipraz possesses remarkable activity to inhibit HIV
-1 (AIDES) virus replication by irreversibly binding the viral reserve
transcriptase enzyme [7].

Other derivatives have been found to be fungitoxic and bacterio-
static. The wide spectrum of biological activities displayed by such
compounds has been urging chemists to develop new methods for
synthesis of various substituted derivatives [8-10].

The ability of a drug to penetrate various biological membranes,
tissues and barriers is a primary factor in controlling the interaction
of drugs with biological systems. In quantitative structure activity
relationship models (QSAR) in which physicochemical parameters
of drugs are correlated with biological activities, lipophilicity
(partition Coefficient) has a major role. Other important parameters
are polarizability, electronic and steric parameters, molecular
weight, geometry, conformational entropies etc.

The present work reports ab initio and density functional results of
molecular properties of 1,2-dithiole-3-thione. We also studied some
of 1,2-dithiole-3-thione derivatives by DFT method. Finally, we
have studied some of QSAR proprieties of a series of these com-
pounds.

Material and Methods

Initial calculations were optimized using HyperChem 8.03 software
[11]. The geometries of 1,2-dithiole-3-thione and its derivatives;
were first fully optimized by molecular mechanics, with MM+ force-
field (rms = 0.001 Kcal/A). Further, geometries were fully re-
optimized by using PM3 method [12].

In the next step, a parallel study has been made using Gaussian
03 program package [13], at various computational levels, HF/6-
311++G(d,p) and B3LYP/6-311++G(d,p).

The calculation of QSAR properties is performed by the module
(QSAR Properties, version 8.0). QSAR Properties is a module that,
together with HyperChem, allows several properties commonly
used in QSAR studies to be calculated. The calculations are empir-
ical, so, generally, are fast. The calculated results have been re-
ported in the present work.

Results and Discussion

Geometric and Electronic Structure of 3H-1,2-dithiole-3-thione
and 1,2-dithiole-3-thione Systems

The optimized geometrical parameters of 3H-1,2-dithiole-3-thione
by ab initio/HF and DFT method listed in [Table-1] are in accord-
ance with numbering scheme given in [Fig-1].

The efficiency of theoretical methods may be assessed by compar-
ison with experimental results [14]. Present results concerning
bond length values, valence angles and dihedral angles for 3H-1,2-
dithiole-3-thione [Table-1] and charge densities [Table-2].

We can note a good correlation between calculated and experi-
mental values for geometric parameters and charge densities cal-
culated by ab initio are similar to those calculated by DFT method.
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The geometry of the 1,2-dithiole-3-thione is planar. The dihedral
angles of cycle of this molecule vary between 0.00 and 0.01 de-
gree.

Table 1- Calculated values of bond lengths, valence angles and
dihedral angles of 3H-1,2-dithiole-3-thione

EXP.  AbinitioHF  DFT/B3LYP
Parameters 141 6.311++G(d,p)  6-311++G(dp)
S6-C3  1.668 1632 1653
$2.81 205 2,087 2127
Bond length S2-C3 1.769 1.75 1.772
(Angstrom) C3C4 1376 145 1439
S1C5 1693 1733 1.736
c5C4 1338 1332 1352
$1-52C3 968 9.8 9.7
$2-51-C5 93 93 924
Valoncoangs  STCECH 119 119.4 119.6
{daoron S6-C3-C4 1355 1265 12856
$2-C3-C4 1111 112.3 111.9
S6-C3-S2 1134 121 119.4
C5C4-C3 120 1182 119.2
C3-52-81-C5 - 0 0.01
$1-52C3-56 - 179.98 179.98
. $1-52-C3-C4 - 0 0
Dihedral angle $2-S1-C5-C4 ) 0 0.01
(degree) $1-C5-C4C3 - 0.01 0.01
$6-C3-C4-C5 - 179.98 179.99
$2.C3-C4-C5 - 0.01 0

Table 2- Mulliken charges of 3-H-1,2-dithiole-3-thione

Ab initio/HF 6-311++G(d,p)  DFT/B3LYP 6-311G++(d,p)
St -0.135 0411
S2 -0.203 0.18
S6 -0.658 053
c3 0.951 0.826
c4 073 0729
c5 0.24 0.256

Fig. 1- 3D conformation of 3H-1,2-dithiole-3-thione
(GaussView 3.09)

The calculated values of (methyl, ethyl) substituted 1,2-dithiole-3-
thione and (cyanide, chloride) substituted 1,2-dithiole-3-thione [Fig-2]
are given in [Table-3], [Table-4], [Table-5]. In [Table-3], heat of for-
mation, dipole moment, HOMO (highest occupied molecular orbital),
LUMO (lowest unoccupied molecular orbital) and their difference (AE)
are reported for 1,2-dithiole-3-thione and its derivatives. In [Table-4],
[Table-5] Net atomic charges are also reported.

Series 1 Rz Series 2

(A1) R1=CH3,Re=H (B1) Rt =CN,Rz2=H
(A2) R1=C2H5, R2=H (B2) R1=Cl,R2=H
(A3) R1=H,R2=CH3 (B3) Rt =H,R2=CN
(A4) R1=H, Rz =C2Hs (B4) Rt =H,R2=Cl
(A5) R1=CHza, Rz2= CH3 (B5) R1 =CN, R2=CN
(A6) R1=C2Hs, R2=C2Hs (B6) Rt =Cl, R2=Cl

Fig. 2- Scheme of 1,2-dithiole-3-thione systems.

The heat of formation is decreased approximately 8 and 12 kcal/mol
at each addition of methyl and ethyl groups respectively.

The negative atomic charge on sulfur atoms is increased considerably
for methyl and ethyl derivatives, except for compounds A3 and A4 for
S2 atom [Table-4]. In the mono-substituted alkyl group category, the 4
-ethyl-1,2-dithiole-3-thione (compound A2) showing maximum positive
charge on 3rd position carbon (1.69) which leads to nucleophilic sub-
stitution [Table-4]. This is further supported by the smaller HOMO-
LUMO energy gap (0.133) [Table-3] which depicts the chemical reac-
tivity of the compound; higher is the HOMO-LUMO energy gap, lesser
is the flow of electrons to the higher energy state, making the mole-
cule hard and less reactive. On the other hand in smaller HOMO-
LUMO gap, there is easy flow of electrons to the higher energy state
making it softer and more reactive (HSAB principle: hard and soft
acids and bases). Hard bases have highest-occupied molecular orbit-
als (HOMO) of low energy, and hard acids have lowest-unoccupied
molecular orbitals (LUMO) of high energy [15].

In the case of dimethyl and diethyl substituted of dithiolethione the C-3
position (compound A5) shows maximum charge (2.01), smaller HO-
MO-LUMO energy gap (0.133) [Table-3], [Table-4] which leads to
preferential site of nucleophilic attack. We also note that the methyl
and ethyl substituent (donor effect) has the effect of increasing the
energy of the HOMO, with little change in the LUMO [Table-3].

In the present work, we have studied cyanide and Chloride substituted
1,2-dithiole-3-thiones along the same line of methyl and ethyl substi-
tuted dithiolethiones for a comparative study.

The heat of formation is decreased approximately 3 Kcal/mol, for each
addition of Chloride atom and is increased approximately 41 Kcal/mol
for each addition of cyanide group.

In mono-substituted cyanide and chloride derivatives, 5-cyano-1,2-
dithiole-3-thione (compound B3) is predicted to be more chemically
reactive than 4-Cyano-1,2-dithiole-3-thione, 4-Chloro-1,2-dithiole-3-
thione and 5-Chloro-1,2-dithiole-3-thione on the basis of least HOMO-
LUMO energy gap (0.119) [Table-3].

The carbon C-5 in 5-cyano-1,2-dithiole-3-thione shows maximum
positive charge (1.37) leading to favored site for nucleophilic attack
[Table-5]. In disubstituted cyanide and chloride derivatives, dicyano-
1,2-dithiole-3-thione (compound B5) is more reactive than dichloro-1,2
-dithiole-3-thione (compound B6), this is due to smaller HOMO-LUMO
energy gap (0.113) [Table-3].

The compound B5 is predicted to be the most reactive with smaller
HOMO-LUMO energy gap of all 1,2-dithiole-3-thione systems. We
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note also that the cyanide and chloride substituent (attractor effect)
lowers the energies of HOMO and LUMO. His influence on the energy
of the LUMO is more important [Table-3].

The presence of an attractor group in the C5 position causes the de-
crease in dipole moment. Hence, we can conclude these compounds
takes part in the conformation in which the thione and electro-attractor
groups are antiparallel and are found in the plane of dithiole [Table-3].
The compound B1 shows the maximum dipole moment value. It
would originate from a resonance effect, involving a donor effect from
the dithiole nucleus toward electroattractive group in position 4.

The contour plots of the Tr-like frontier orbital's for the ground state of
compound B1 are shown in [Fig-3], including the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO). From the plots, one can find that the HOMO mainly concen-
trates on S3 and the dithiolethione ring with some delocalization along
S1-C5 and S2-C3-C4, whereas, the LUMO distributes over the whole
molecule with some delocalization along C3-C4-(C-cyano). These
further demonstrate that there exists the delocalization of the conju-
gated m-electron system in the molecule of compound B1.

Table 3- Energies of 1,2-dithiole-3-thione derivatives

System Heat of formation (kcal/mol) -HOMO (a.u.) -LUMO (a.u.) AE (a.u.) H(D)
D3T 1,2-dithiole-3-thione 67.243 0.235 0.101 0.134 4103
A1 4-Methyl-1,2-dithiole-3-thione 59.132 0.231 0.096 0.135 3.991
A2 4-Ethyl-1,2-dithiole-3-thione 55.149 0.23 0.097 0.133 3.949
A3 5-Methyl-1,2-dithiole-3-thione 59.536 0.23 0.094 0.136 4911
Ad 5-Ethyl-1,2-dithiole 3-thione 55.149 0.228 0.093 0.135 5.116
A5 Dimethyl-1,2-dithiole-3-thione 52.403 0.225 0.092 0.133 4829
A6 Diethyl-1,2-dithiole-3-thione 41.752 0.224 0.09 0.134 4916
B1 4- Cyano-1,2-dithiole-3-thione 108.229 0.253 0.122 0.131 5.589
B2 4-Chloro-1,2-dithiole-3-thione 63.542 0.241 0.109 0.132 3.948
B3 5- Cyano-1,2-dithiole-3-thione 109.128 0.255 0.136 0.119 1.774
B4 5-Chloro-1,2-dithiole-3-thione 64.902 0.242 0.108 0.134 2.987
B5 Dicyano-1,2-dithiole-3-thione 152.242 0.269 0.156 0.113 5.257
B6 Dichloro-1,2-dithiole-3-thione 61.295 0.246 0.114 0.132 3.104

Heat of formation by PM3, AE and u by DFT

Table 4- Mulliken charges of 1,2-dlithiole-3-thione and derivatives

(series 1)

Compound D3T A1 A2 A3 A4 A5 A6
S1 0111 0249 0341 -0456 0486 -0772 -0.682
2 018 508 0467 0001 0017 -0283 -0.313
36 053 -0607 055 0641 -0648 -0722 -0.651
C3 0826 1603 1686 0508 0478 2008 1927
c4 0729 1409 -1477 0256 022 -1693 -2.057
C5 0256 0882 0993 0503 052 1441 1938
C-methyl 4 - 0491 - . - 0875 -
C-methyl 5 - - - 0337 - -0.08 -
C-1"ethyl 4 . - 0284 - . - 0428
C-2-ethyl 4 - - -0.61 - - - 0638
C-1"ethyl 5 - - - - 0106 - -0.003
C-2-ethyl 5 - - - - -504 - -0.601

Net charge calculated by DFT

Table 5- Mulliken charges of 1,2-dithiole-3-thione and derivatives

series 2

Compound D3T B1 B2 B3 B4 B5 B6
S1 -0.111 -0.186 -0.165 -0.284 -0.225 -0.596 -0.328
S2 018 -0368 -026 -0.033 -0.103 -0.194 -0.214
S6 053 -0542 -0563 -0.567 -0.602 -0.566 -0.591
C3 0826 0733 0616 0484 0249 1877 0488
C4 -0.729 0.046 -0.318 -0.089 -0.062 -0.216 -0.615
C5 0256 1.04 -0.078 1367 -0026 2207 0.115
C-cyano 4 - -0.928 - - - -2.041 -
N-cyano 4 - -0.155 - - - -0.096 -
C-cyano 5 - - - -0.954 - 0277 -
N-cyano 5 - - - -0.126 - 0.09 -
Chloro 4 - - 0.46 - - - 0.544
Chloro 5 - - - - 0.537 - 0.602

Net charge calculated by DFT

Fig. 3- Schematic drawings of the HOMO and LUMO of compound
B1

Study of Structure-Property Relationships for 1-2-dithiole-3-
thione Derivatives

We have studied six physical and chemical proprieties of a series
of nineteen dithiolethione derivatives using HyperChem software.
For example, in [Fig-4], the favored conformation in 3D of the com-
pound 11. We will continue this work in the future by a quantitative
calculation. QSAR proprieties are, van der Waals surface molecu-
lar volume, octanol-water partition coefficient (log P), polarizability,
solvent-accessible surface bounded molecular volume and molecu-
lar mass (M). Calculation of log P is carried out using atomic pa-
rameters derived by Viswanadhan and coworkers [16]. Log P is
one criterion used in medicinal chemistry to assess the drug like-
ness of a given molecule, and used to calculate lipophilic efficien-
cy, a function of potency and log P that evaluate the quality of re-
search compounds. For a given compound lipophilic efficiency is
defined as the plCsq (or pECso) of interest minus the log P of the
compound.
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Computation of molar refractivity was made via the same method
as log P. Ghose and Crippen presented atomic contributions to the
refractivity [17].

Solvent-accessible surface bounded molecular volume and van der
Waals-surface-bounded molecular volume calculations are based
on a grid method derived by Bodor et al. [18], using the atomic radii
of Gavezotti [19]. Polarizability was estimated from an additivity
scheme given by Miller with a 3% in precision for the calculation
[20], where different increments are associated with different atom
types.

Hydration energy is a key factor determining the stability of differ-
ent molecular conformations in water solutions [21]. The calculation
is based on exposed surface area as computed by the approximate
method (above), weighted by atom type.

Fig. 4- 3D conformation of compound 11 (HyperChem 8.03)

Structural Comparison of the Dithiolethione Derivatives

Based on our conclusions on the effect of substitution on the 1,2-
dithiole-3-thione molecules. We chose a series of dithiolethione
derivatives; some of them have a biological activity [22-32]. This
series of 1,2-dithiole-3-thione derivatives are given in [Table-6].
Initially, we performed a structural comparison of this series [Fig-5].
We used molecular mechanics, with MM+ force-field to calculate
the stable conformations of this series. In a window of 2 kcal/mol,
only one favored conformations is found, for each structure. These
molecules have a weak conformational flexibility, with regard to the
other macrocycles of macrolide type [33-39].

Table 6- Dithiolethione derivatives

Compound Dithiolethione Reference

1 4-methyl-5-pyrazinyl-3H-1,2-dithiole-3-thione (oltipraz) [22,23]

2 5-(4-hydroxyphenyl)-3H-1,2-dithiole-3-thione [24]

3 4-Chloro-5-methyl-3H-1,2-dithiole-3-thione [25]

4 5,6-dihydro-4H-cyclopenta-1,2-dithiole-3(4H)-thione [26,27]

5 4-phenyl-3H-1,2-dithiole-3-thione [24]

6 5-(4-methoxyphenyl)-3H-1,2-dithiole-3-thione [28,29]

7 5-methyl-3H-1,2,-dithiole-3-thione [30]

8 5-propylthio-3H-1,2-dithiole-3-thione [31]
(2)-5-fluoro-2-methyl-1-[4-(methylsulfinyl)phenyl]-

9 methylene]-1H-indene-3-acetic acid 4-(5-thioxo-5H-[1,2] [24]
dithiol-3-yl)-phenyl ester (S-sulindac)

10 2-[(2,6-dichlorophenyl)amino]benzeneacetic acid 4-(3H- [24]
1,2,dithiol-3-thione-5-yl) phenyl ester (S-diclofenac)

11 5-(6-methoxypyrzinyl)-4-methyl-1,2-dithiole-3-thione [26,32]

12 5-benzo(b]thiophene-3-yl-1,2-dithiole-3-thione [26,32]

Fig. 5- Chemical structures of the dithiolethiones

Structure Property Relationships

Lipophilicity is a property that has a major effect on solubility, ab-
sorption, distribution, metabolism, and excretion properties as well
as pharmacological activity. Lipophilicity has been studied and
applied as an important drug property for decades. It can be quick-
ly measured or calculated. Lipophilicity has been correlated to
many other properties, such as bioavailability, storage in tissues,
permeability, volume of distribution, toxicity, plasma protein binding
and enzyme receptor binding [40,41].

Polarizability values are generally proportional to the values of
surfaces and of volumes, the decreasing order of polarizability for
these studied dithiolethiones is: 9, 10, 12, 11,6, 2, 1, 5, 8, 4, 3, and
7 [Table-7]. The order of polarizability is approximately the same
one for volume and surface. This also is explained by the relation
between polarizability and volume, for the relativity non polar mole-
cules. They are directly linked, for the centers of gravity of negative
and positive charges in the absence of external fields to coincide,
and the dipole moment of the molecule is zero.

The polarizability of a molecule depends only on its volume, which
means that the thermal agitation of non polar molecules does not
have any influence on the appearance of dipole moments in these
molecules.

On the other hand, for the polar molecules, the polarizability of the
molecule does not depend solely on volume but also depends on
other factors such as the temperature because of the presence of
the permanent dipole [42].

Surface and distribution volume of these molecules are definitely
higher than those of more polar molecules like the lipopeptides or
beta-lactams. For example, Deleu et al. used Tammo software on
the surfactins C13, C14 and C15 having cores similar to the macro-
lides [43]. They found that their surfaces vary from 129 to 157 A2
[44], contrarily for these dithiolethiones, surfaces vary from 259 to
510 A2. These dithiolethiones has a great variation of distribution
volume, in particular compound 9 and compound 10 which have
respective volumes: 1275.82 and 1138.71 A3[Table-7].
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The most important hydration energy in the absolute value, is that
of the compound 2 (12.57 kcal/mol) and the weakest is that of com-
pound 4 (3.14 kcal/mol) [Table-7]. Indeed, in the biological environ-
ments the polar molecules are surrounded by water molecules.
They are established hydrogen bonds between a water molecule
and these molecules. The donor sites of the proton interact with the
oxygen atom of water and the acceptor sites of the proton interact
with the hydrogen atom. The first corresponds to the complex with
the strongest hydrogen bond. These hydrated molecules are dehy-
drated at least partially before and at the time of their interaction.
These interactions of weak energy, which we observe in particular
between messengers and receivers, are generally reversible [45].

Compound 2 has a site donor of the proton (OH) and two acceptor
sites of the proton (O in hydroxyl group and S of group S=0). But,
in the other sulfur atoms, the acceptor effect is greatly reduced,
because of the mesomeric effect. On the other hand, the com-
pound 4 does not possess any donor site but posses one acceptor

site of the proton (S of group S=O on the principal cycle). This
property supports the first compound, not only by fixing the receiv-
er, but also activates it. It is thus about an agonist. It has as a con-
sequence a better distribution in fabrics.

All (log P) of studied molecules have optimal values. For good oral
bioavailability, the log P must be greater than zero and less than 3
(0 <log P <3). For log P too high, the drug has low solubility and a
log P too low; the drug has difficulty penetrating the lipid mem-
branes [40].

Compound 9 presents the low coefficient of division (0.21) and
comes after compound 12 (0.61). These molecules possess a
good solubility. When the coefficient of division is rather low, it has
as a consequence a better gastric tolerance. Compound 8, 10 and
5 which have, respectively, higher values 3.08, 1.96 and 1.96;
these molecules are the most absorbent products and have im-
portant capacities to be dependent on plasmatic proteins.

Table 7- QSAR proprieties for dithiolethione derivatives

Dithiolethione Molecular Volume (A3) Molecular Surface (A2) Molecular Mass (uma) Partition coefficient (log P) Hydration energy (kcalimol) Polarizability (A2)
1 574.51 295.59 226.33 1 -6.54 24.64
2 583.22 317.49 226.33 09 -12.57 24.86
3 4517 295.99 182.7 1.15 -3.74 18.32
4 478.29 258.92 174.29 1.49 -3.14 19.29
5 553.01 291.92 210.33 1.96 -5.66 2422
6 640.79 362.45 240.35 0.93 -7.39 26.69
7 417.31 271.64 148.26 1.25 -4.09 16.39
8 587.62 387.42 208.37 3.08 4.1 23.06
9 1275.82 510.35 564.72 0.21 -1.71 58.26
10 1138.71 45847 504.46 1.96 -8.68 54.9
11 648.24 347.12 256.36 1.7 -8.28 27.11
12 654.33 322.87 266.41 0.61 -6.75 29.92
Conclusions B.D., Kensler TW., Sutter T.R. (2006) Journal of

The present study provides a discussion of several molecular prop-
erties of 3H-1,2-dithiole-3-thione based on ab initio and density
functional theory calculations. The PM3, DFT and ab initio method
can be used quite satisfactorily in predicting the chemical reactivity
of the molecules and the effect of substitution of either donor or
acceptor electron. Our results are closer to experimental data than
those reported in previous calculations The study of the substitu-
tion on the core base dithiolethione shows an influence of the na-
ture of the substituted donor groups (methyl, ethyl) and acceptor
groups (cyanide, chloride) on energy and electronic properties of
the base molecule.

In the substituted cyanide group, dicyano-1,2-dithiole-3-thione is
predicted to be the most reactive with least HOMO-LUMO energy
gap of all ditiolethione derivatives.

The presence of an attractor group in the C5 position causes the
decrease in dipole moment, but the presence of a cyanide group in
the C4 position induces an increase in the dipole moment.

The 5-propylthio-3H-1,2-dithiole-3-thione, S-diclofenac and 5,6-
dihydro-4H-cyclopenta-1,2-dithiole-3(4H)-thione, presents the
same higher coefficient of division. These lipophilic compounds
penetrate in various membranes, including cellular membranes as
well as tissues with high lipoid content, to arrive at the receptor
site.
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